Background and Purpose-Acute stroke trials typically use disability scales as their primary end point. Neurologic impairment scales such as the National Institutes of Health Stroke Scale (NIHSS) are possibly more sensitive to change in patient status. We aimed to compare a range of potential NIHSS end points with modified Rankin Scale (mRS) and Barthel Index (BI) end points. Methods-We simulated a total of 6000 clinical trials, each with 1400 patients. We estimated statistical power for a range of NIHSS end points, including prognosis-adjusted and fixed dichotomized end points. These end points were compared with the BI and mRS dichotomized at 95 and 1, respectively. Results-The most powerful fixed end point was the NIHSS dichotomized at 1. For prognosis-adjusted outcome, we found greatest power if we defined success as achieving a score of Յ1 or improvement by at least 11 points from baseline. We are more likely to achieve a statistically significant result by using this prognosis-adjusted end point instead of NIHSS Յ1 (odds ratio, 2.8; 95% confidence interval [CI], 2.5 to 3.2). Use of the optimal NIHSS prognosis-adjusted end point rather than BI Ն95 could justify a reduction in sample size of approximately 68% (95% CI, 67% to 69%) without loss of statistical power. Conclusions-The NIHSS neurologic scale appears more sensitive than the BI or mRS, allowing smaller sample sizes or greater statistical power. The use of an NIHSS prognosis-adjusted end point could allow therapeutic effects from drugs to be more easily identified. 
R egulatory authorities favor functional outcome scales such as the modified Rankin Scale (MRS) or Barthel Index (BI), 1 but they are crude and potentially insensitive measures of outcome after stroke. However, handicap and disability scales may reflect outcomes of greatest relevance to patients. Given the limited success of acute trials, inconsistency of primary end points chosen, and limitations of available stroke scales, it may now be appropriate to reconsider the use of neurologic impairment scales as primary end points. Neurologic scales may provide greater statistical power than disability or handicap scales and, like disability and handicap scales, have proven reliability and validity. 2 Consequently, there may be a greater chance of detecting a treatment effect using a neurologic scale. We aimed to assess the potential extent of any statistical advantage.
The National Institutes of Health Stroke Scale
The National Institutes of Health Stroke Scale (NIHSS) 3 has recently been widely favored in acute stroke trials. It was developed to measure neurologic outcome and recovery in patients with stroke. NIHSS measures an overall degree of neurologic impairment. 4 A potential flaw in the NIHSS is that there may be a ceiling effect below the theoretical limit because many scale items are untestable in patients with very severe stroke. 4 The NIHSS is one of the most reliable and valid instruments of clinical measurement in stroke, 5, 6 and the modified scale was shown to be highly correlated to BI, mRS, and Glasgow Outcome Score (GOS) at 90 days. 7 Like with disability scales, analysis of outcome assessed by NIHSS has often relied on simple dichotomization. 8 The ATLANTIS trial 9 used a "prognosis-adjusted" secondary end point (Table 1) . The NIHSS was used as part of a global primary end point in the NINDS trial, 10 along with the GOS, BI, and mRS. Global and "prognosis-adjusted" end points are rarely used in acute stroke trials. Global end points allow patients to be simultaneously assessed on many measurement scales. Furthermore, prognosis-adjusted end points allow patients to be assessed on realistic goals while maintaining generalizability. A selection of NIHSS end points that have been used are given in Table 1 .
Aims
We aimed to assess a range of possible NIHSS end points in terms of statistical power and relative sample size. Statistical power is the probability that a statistical test will identify a treatment effect (where one truly exists) at a given significance level and sample size. 22 Additionally, the NIHSS end points are compared with BI and mRS end points.
Methods
For this study, we used a bootstrap simulation approach, 23 which has been already been used to assess disability end points. 24 We based our work on data from the GAIN international trial. 12 The GAIN trial was neutral; however, to avoid any bias, only the placebo patients were used. We generated 6000 clinical trials, each with 1400 patients split equally between active treatment and placebo groups. Patients were simulated by randomly sampling with replacement from the GAIN data. The characteristics of the simulated patients were based on real examples from the GAIN trial, preserving the correlation among the NIHSS, Oxford classification, and final outcome. The simulated placebo and treatment groups were generated slightly differently. The simulated treatment group was forced to have slightly milder stroke (assessed by NIHSS at baseline). The difference between the average baseline NIHSS for the 2 groups was 1, 2, or 3 points ("treatment level"). The simulated treatment group patients were selected from subgroups with similar clinical characteristics as the sampled placebo patients to avoid confounding by other factors. Figure 1 details the simulation technique.
In generating a "treatment" effect that separated the groups by a small difference in baseline NIHSS, we were effectively making an assumption about how neuroprotection or reperfusion would translate into neurologic function in the first few hours after treatment. We anticipate that an effective treatment would limit the extent of infarction and thus be equivalent to presentation with a slightly milder event, but that thereafter, the pattern of recovery and associated final outcome at 90 days would relate to initial severity in an identical manner to any other patient presenting with a stroke of that milder degree. The extent of the simulated treatment effect was equivalent to generating an improvement of 1, 2, or 3 NIHSS points in stroke severity. We also assumed that all patients benefit from treatment. The effect of different patterns of treatment effect have been explored elsewhere and found to have limited impact. 24 We assessed several different types of end point. The 90-day NIHSS was dichotomized at 1, 3, 5, and 7. Prognosis-adjusted end points were also included: each patient was considered to have a favorable outcome if they achieved either a score of NIHSS Յ1 or an improvement from baseline of more than n points, where n ranged from 2 to 15. End points that simply assessed whether a patient had improved from baseline by n points were also included: n ranged from 2 to 15. Finally, a global end point was considered, incorporating the dichotomizations BI Ն95, mRS Յ1, and NIHSS Յ1.
Each of the clinical trials was assessed by Pearson's chi square for dichotomized end points and by generalized estimating equations 25 for the global end points. The statistical power and 95% confidence intervals were estimated using a bootstrap approach. Relative sample sizes, showing the trial size that would be required to maintain the statistical power of a reference end point, were assessed using standard sample size equations. 26, 27 End points were also compared using logistic regression 28 controlling for treatment level.
Results
The most powerful dichotomized end point for distinguishing between treatment groups was the Յ1 end point ( Table 2 ). The power tended to decrease as cutpoints were moved toward higher NIHSS values. All of the prognosis-adjusted end points were more powerful than the Յ1 dichotomized end point (Table 2) . Simply assessing whether the patient improved by at least a certain number of NIHSS points tended to be less powerful than the prognosis-adjusted end points. The inclusion of BI Ն95 and mRS Յ1 with NIHSS Յ1 in a global end point had similar power to the NIHSS Յ1 dichotomized end point.
The results in Table 3 are given in terms of a relative sample size. By using any of the prognosis-adjusted end points instead of the Յ1 dichotomy, the sample size can be reduced without a reduction in power.
The odds of reaching a statistically significant result were increased by 188% (95% confidence interval [CI], 158% to 221%) if the prognosis-adjusted (NIHSS Յ1 or Ն11-point improvement) end point was used instead of the Յ1 dichotomized end point. The Յ1 or improvement by 11 points or more prognosis-adjusted end point was clearly the most powerful of all end points tested across all treatment levels (see Figure 2) .
We have previously shown the BI Ն95 and mRS Յ1 to be the best available disability end points, 23 in this study, the NIHSS end points tended to be more powerful. If the NIHSS Յ1 dichotomy were to be used instead of BI Ն95, the relative sample size required to maintain the statistical power would be around 62% (see Table 4 ). The NIHSS end points showed similar advantages over mRS Յ1. 
Discussion
There is potential for the use of the NIHSS as a primary end point in acute stroke trials. We propose that the use of NIHSS end points could substantially increase statistical power or allow a decrease in sample size without a loss of power when compared with disability end points. The most discriminating NIHSS end point was a "prognosis-adjusted" end point that defined favorable outcome as a final score of Յ1 at 90 days or an improvement from baseline of at least 11 points. However, simple dichotomization at NIHSS Յ1 was also effective, because were many end points that included only an n-point improvement. Useful values of n tended to be small, however, because larger values render the end point subject to a ceiling effect (because patients with mild stroke cannot improve beyond a score of 0). Including the NIHSS, BI, and mRS in a global end point also demonstrated reasonable statistical power, similar to that of the single NIHSS component. However, our global end point did not include the GOS. Although a global endpoint is attractive because it incorporates several important outcome measures, it is likely that the Table data show the trial size (95% CI) required-maintain statistical power as a percentage relative to the size of a trial conducted using the disability endpoint. Relative sample sizes less than 100% are better. Table data show the trial size (95% CI) required-maintain power as a percentage relative to the size of a trial conducted using the disability end point. Relative sample sizes less than 100% are better.
power of the global end point was restricted by the inclusion of less powerful mRS and BI measures.
The benefit of prognosis-adjusted end points has been demonstrated. Assessing whether a patient reaches a score of 0 or 1 on the NIHSS or improves from baseline by at least 11 points allows more patients to contribute to the results, because simply dichotomizing the scale ultimately results in a loss of meaningful information. This is logical: some patients may never reach a score of 0 or 1 but could still show significant improvement and therefore will contribute to this type of analysis.
In this study, we tested only a fixed treatment effect, assuming that the initial severity of all active treatment group patients improved by the same amount. This may not be the most likely scenario, because patients can benefit from treatments in a variety of ways. The actual treatment effect may only benefit subgroups of patients such as male or young patients or may depend on the severity of the stroke. However, in a previous study, 24 we demonstrated consistent performance of outcome measures across a variety of likely treatment effect patterns. Second, our analysis was not adjusted for any factors relating to stroke outcome. If covariates had been included, the statistical power of the end points would likely have been increased. 29 Third, we chose as our surrogate treatment effect an "improved" baseline NIHSS score to increase the chance of improved outcome at 90 days. It is possible that this method of applying a simulated treatment effect may have overestimated the statistical power obtained by the NIHSS end points in comparison to the BI or mRS end points through some subtle link. We tested for this by including baseline NIHSS as a covariate. However, when the effect of baseline NIHSS was controlled, the advantage of the NIHSS end points over the BI and mRS end points decreased only minimally, suggesting that any inflation of the power values was small. All of the end points in our study included dichotomizations of the NIHSS. An alternative would be to use all categories and apply proportional odds (PO) logistic regression. 30 However, we found that the use of the PO model did not improve the power compared with the best prognosis-adjusted end point and was similar to the Յ1 dichotomy.
Our study only used data from the GAIN International Trial. 12 This population was considered representative of most patients with stroke presenting to hospital acutely.
Nevertheless, it may be informative to use different trial data to assess the generalizability of our findings.
Despite the apparent potential improvement in statistical power, neurologic impairment scales have been used infrequently as primary end points. 10, 15 Instead, trials have tended to favor disability scales, driven in part by regulatory authorities. The European Medicines Evaluation Authority (EMEA) 31 accepts that neurologic outcome scales should be supportive as secondary efficacy end points, but also recommend that they should not be dichotomized, because important information may be missed. Impairment scales are more sensitive to change in patient status and may be more relevant for earlier phase trials. Disability or handicap scales are perceived as being more relevant to patients with stroke for phase III trials, 1 and the BI has been shown to be reliable even when administered over the telephone. 6 In conclusion, we found benefits from using the NIHSS at 90 days as an end point. We speculate that this will translate into more powerful clinical trials. Clinical trials of acute stroke therapies should consider the use of neurologic impairment scales to assess benefit from treatment. 
